Introduction
Since a large magnetoresistance effect(TMR) at room temperature is discovered 1 , magnetic tunnel junctions(MTJs) are studied intensively in the magnetic random access memory(MRAM) due to its higher density and magnetoresistance. In spite of its features, several issues still remain to be solved, e.g. magnetism in sub-micron, new material with higher MR, etc. Especially, as the size of MTJ cell is scaling down to sub-micron, its switching field and magnetization vortex is increased 2, 3 . These phenomena are the bottleneck in realizing a Giga-bit memory device. Besides, the new method is required to analyze the behavior of sub-micron MTJ cell. In this work, we attempted to study a new method to estimate I-V characteristic of small MTJ cell. Scanning Probe Microscopy(SPM) may provide such a new characterization method. We use a modified SPM that can apply a magnetic field along the longitudinal direction of MTJ cells. The magnetic field is generated by current through the coils and controlled by feed back circuit. The measurement was carried out in the contact mode of Atomic Force Microscopy(AFM)
Sample preparation
The structure of MTJ cells that were used in this study includes the two magnetic layers, which are the pinned layer and free layer, separated by a plasma oxidized Al2O3 layer as a tunneling barrier. Al2O3 was prepared on sputter deposited pinned layer composed of SAF (CoFe/Ru/CoFe). Then, CoFe/NiFe free layer was deposited on the Al2O3 layer. The SAF layer provides an exchange bias to rigidly fix a magnetization direction of pinned layer. The sizes of MTJ cells with aspect ratio 2 were 1.6um x 0.8um, 0.8um x 0.4um and 0.4um x 0.2um (L x W). As a reference cell, we measured the MTJ cell with 10um x 10um using both SPM and tungsten tip based on conventional method.
Experiments and Results
We employed modified SPM that can apply a magnetic field to cells by Helmholtz Coils and the magnetic field is applied only along the easy axis of MTJ cells. To measure the tunneling current through Al2O3, the contact AFM mode with Au coated conducting tip was used. At first, to verify the conducting status of cells, a wide area scanning was carried out with 0.5V bias. One of good conducting cells was selected from the obtained current images, and magnified with rescanning with smaller scan area. Fig.1 shows a topology and current images. In the current image, the bright area represents the high conductance while the dark area indicates the low conductance. After the rescanning, we placed the tip on top electrode of the selected MTJ cell, and measured the behavior of the spin polarized current through the selected cell by sweeping DC voltage under the variable magnetic field. As shown in Fig. 2 we obtained the different I-V curves depending on the relative magnetization direction of free layer to the pinned layer. As shown in I-V curve there was no noticeable difference between the method using SPM and that using tungsten tip probe. The calculated MR ratio from I-V curve was about 23% at 0.5V and resistance is decreased as the bias increases in Fig.3 . This trend was observed similarly in all samples and the MR ratio of each cell size is almost same. In addition, RA is increased as cell size decreases in Fig.3 . This is because the current level is reduced with smaller dimension.
But we also considered the compensation of increased resistance by the decrease in the area. Above results show that the method using SPM is reasonable and effective to characterize the electric and magnetic properties of small MTJ cells
Conclusions
In this study, we tried to directly measure and analyze the electrical and magnetic properties of MTJ cells using the SPM. MR ratio and RA were calculated from I-V curve. The MR ratio is almost same, namely, about 20% regardless of the cell size. This method must be a very useful technique due to the direct measurement without a metallic pad to probe it. 
